Volatile compounds contribute greatly to the flavour of fruit and can be altered by maturity and cold storage. The volatiles of three Japanese plum cultivars ('Sapphire', 'Songold', and 'Larry Anne') and one plumcot ('Flavor King') were determined at three functional stages: commercial harvest, tree-ripened fruit and cold stored fruit. HS-SPME was used for extraction and GC-TOFMS for separation and identification. A total of 52 compounds was found and classified into three groups ('unique' (28), 'generic' (10) and 'frequent' (14)) based on frequency of occurrence. Discriminant analysis showed that the volatile profiles of the three functional stages were distinct within each cultivar, and the main contributors to the patterns were identified. The volatile profiles of 'Larry Anne' and 'Flavor King' were the most affected by cold storage conditions. Inter-cultivar analysis indicated that the cultivars have different volatile profiles at each of the functional groups with 'Larry Anne' and 'Flavor King' showing the largest differences. 'Flavor King', a plumcot, presented a ripe volatile profile that was much diverged from that of the true plums.
Introduction
Plums are classified as stone fruit within the genus Prunus, family Rosacea and are produced and cultivated globally for its palatability and unique aromatic characteristics. Other popular stone fruits within this genus include peaches, apricots, nectarines and cherries. Taste and flavour combine to create an eating experience whereby non-volatiles (sugars and acids) mainly contribute to taste and volatile compounds to flavour (Williams & Ismail, 1981) . In plums, as in most stone fruit, the physical (firmness, weight and appearance) and non-volatile composition had been documented well and are commercially used as indicators for optimum harvest dates and to define export grades. In contrast to this, the flavour components (volatiles) responsible for the distinct plum aroma, particularly in Japanese plums, are not as widely researched compared to apricots, peaches and nectarines.
The production of aroma volatiles during fruit maturation and ripening is dynamic and the pattern of volatile constituents, both qualitative and quantitative, can vary greatly (Agozzino, Avellone, Filizzola, Farina, & Lo Bianco, 2007) . The effects of prolonged exposure to low temperatures, i.e. cold storage on the volatile profile of stone fruit had been identified and documented for apricots (Aubert, Bony, Chalot, & Hero, 2010) and peaches (Raffo, Nardo, Tabilio, & Paoletti, 2008) , but to date, no literature, apart from our research (Louw & Theron, 2012) could be found for plums.
In South Africa, 78% of the total plum production (2011) is exported resulting in over 9 million cartons (5.25 kg equivalent cartons) comprising of 35 different cultivars (PPECB Information portal: http://info.ppecb.com). Plums are harvested relatively unripe and ripen in cold storage while in transit (for up to 42 days) from farm to market. Prone to physiological disorders such as chilling injury and gel breakdown associated with cold storage, plums are shipped under a dual temperature regime. The fruit are first stored at -0.5°C for 8 to10 days followed by an increase in temperature to 7.5°C for a further 5 to 7 days after which the temperature is decreased back to -0.5°C for up to 25 days. This protocol is flexible as some cultivars are more susceptible to the disorders than others. As plum consumers have indicated that their preference has now shifted towards flavour and taste (SASPA/Richmond Towers, & UK consumer research de-brief, 2006) it is important to analyse the dynamics of the volatile profiles in early harvested plums exposed to cold storage to ensure that acceptable flavour is persevered throughout the marketing process.
Inter-specific hybrids between Japanese plums and apricots (P. salicinax P. armeniaca) are commonly known as plumcots and are bred for their sweet taste and complex but excellent flavour (Blažek, 2007) . 'Flavor King' is such a plumcot that has become a valued cultivar in South Africa over the last decade.
The aim of this study was to investigate the volatile profiles of three Japanese plum cultivars ('Sapphire', 'Songold', and 'Larry Anne') and one plumcot ('Flavor King') at three different functional stages: harvest (commercial harvest intended for export), fruit left to ripen on the tree and fruit exposed to the commercial cold storage regimes used in South Africa. Inter-and intra-cultivar comparisons using discriminate analysis were presented to describe any shifts in the volatile profiles caused by ripening and cold storage.
Method

Fruit Selection, Harvesting and Storage Conditions
Fruit from three commercial plum (Prunus salicina Lindl.) cultivars and one plumcot grown near Stellenbosch (Western Cape, South Africa) were used in this study. The cultivars (in order of ripening and harvest) were 'Sapphire', 'Flavor King' (plumcot), 'Songold' and 'Larry Anne'. Fruits were collected at two different picking dates from commercial orchards, trained to a flat trellis system. The first picking date coincided with the commercial harvest when fruit flesh firmness was close to the average parameters as stated by the South African governmental export regulations (Table 1) . At this picking date, we identified and tagged ten trees that were not harvested. These trees were left to bear their fruit until ripe and ready to eat at a flesh firmness of ± 1-3 kg. Fruit of similar size and colour were selected from the middle of the canopy approximately 1.5 m from the orchard floor. Fruits were transported to our laboratory, stored at ambient temperature and processed within 12 hours of harvest. A minimum of six fruit from both picking dates was processed to determine quality parameters and volatile profiles. A further 80 fruit from the first picking date were packed and cold-stored for up to 42 days according to commercial export protocols (Table 1) . After storage, the fruits were transferred to 15°C and left to ripen to a flesh firmness of ± 1-3 kg after which a minimum of six fruits per cultivar was processed to determine quality parameters and volatile profiles. The study was conducted over two plum seasons (2008 & 2009 
Determination of Fruit Quality Parameters
Material and methods in this section are similar to that used by Louw and Theron (2012) . The range, mean and standard deviation values were determined for each quality parameter and are presented in Table 2 .
Volatile Sample Preparation, HS-SPME-GCTOF-MS Conditions and Identification
Material and methods in this section are similar to that used by Louw and Theron (2012) .
Data Classifications and Statistical Analysis
Fruit firmness was the maturity index used to create three functional groups namely, 'Harvest', 'Tree-ripened' and 'Stored'. The 'Harvest' group was represented by fruit picked and processed at commercial harvest when the average firmness was well within the export window of requirements (Table 1) . These fruits are considered physiologically mature but due to "early" South African plum harvest practices are not "ripe-and-ready-to-eat". The 'Tree-ripened' group contained fruit left on the tree to ripen and picked and processed when considered "ripe-and-ready-to-eat" at a flesh firmness of ±1-3 kg. The 'Stored' groups were fruit picked during the commercial harvest and then stored and ripened (firmness of ±1-3 kg) according to commercial export protocols. Volatile data were subjected to a one-way analysis of variance (ANOVA) and comparison testing was done on the mean values of each compound using Fisher's LSD (The Least Significant Difference) test (p = 0.05 level).
Discriminant Analysis (DA) was performed on the three functional groups within each cultivar and the forward stepwise method applied to identify volatiles that contribute significantly to the separation patterns. Inter-cultivar DA was performed for all the functional groups to compare the four cultivars and possibly identify sensitivity to commercial cold storage. Reclassification was done to validate the models. All calculations and modeling were performed using XLSTAT Version 2010.4.01. H = 'Harvest', TR = 'Tree-ripened', S = 'Stored' functional groups.
Results
Quality Parameters
The other quality parameters, apart from firmness, showed obvious differences when comparing the functional groups (Table 2) . These include slight weight loss during storage and increased TSS during tree ripening as would be expected. Average fruit weight of the 'Stored' group was always found to be less than in the 'Harvest' group for all the cultivars. Similarly, the sugar (TSS) levels of the 'Stored' fruits were lower than those of the 'Harvest' fruit due to the fruits' inability to replenish the carbohydrates metabolised during biological processes once separated from the tree. 'Tree-ripened' fruits were often bigger in size and weight and had higher sugar content when compared to 'Harvest' and 'Stored' fruit possibly due to a longer opportunity to develop while attached to the tree during ripening. The opposite pattern was observed for acid levels in the 'Tree-ripened' and 'Stored' samples. This is expected as it is well known that acid levels drop during the ripening process to produce a more palatable fruit. The cultivars with the highest sugar levels were samples from 'Flavor King' and 'Larry Anne' fruit in the 'Tree-ripened' group with levels as high as 19.0% Brix ('Larry Anne') and 21.0% Brix ('Flavor King'). The lowest average acid level was also present in the 'Tree-ripened' samples of 'Flavor King' (0.85 (±0.28) % malic acid) and 'Larry Anne' (1.00 (±0.23) % malic acid), resulting in relatively high sugar-to-acid ratios for these two cultivars.
General Trends in the Volatile Profiles
A total of 52 volatile compounds was measured for all four cultivars, and mean values are presented in Table 3 . As the current study used identical methods to that presented by Louw and Theron (2012) we can discuss the results in tandem, subsequently increasing the number of cultivars under review to seven, and the total number of volatiles detected to 62 (Table 4) . Of the 52 compounds found in the present study, 28 (54%) were only present in one of the four cultivars compared to 31 (50%) of the 62 compounds present in the seven cultivars when combining the data with that found by Louw and Theron (2012) (Table 4) .We classified these compounds as 'unique' to the cultivar, although we in no way suggest that it is not present in other plum cultivars not included in the two studies or at levels below our detection range. Due to the low frequency of occurrence, it is likely that these components contribute to the cultivar specific aroma of plums rather than the general plum aroma.
Of the remaining 24 compounds in the present study, the following 10 compounds were measured in all four of the cultivars: hexanal, 2-hexenal, trans linalool oxide, cis linalool oxide, linalool, α-terpineol, p-menth-1-en-9-al, β-damascenone, 2H-pyran,3,6.dihydro-4-methyl-2-(2-methyl-1-propenyl) and β-ionone. Combining the results with Louw and Theron (2012) we found only eight compounds present in all seven the cultivars. The reduction was caused by 2H-pyran,3,6.dihydro-4-methyl-2-(2-methyl-1-propenyl) not detected in 'Laetitia' nor 'Angeleno' and β-ionone not present in 'Angeleno' (Louw & Theron, 2012) . As a result of the high frequency of occurrence of these eight compounds amongst the seven cultivars we classified them as 'generic' ( Table 4 ) and suggest that they are more likely to contribute to the general plum aroma.
The remaining 14 compounds of the present study were shared amongst two or three of the four cultivars and classified as 'frequent', implying that they are often found in plum cultivars. When the results from Louw and Theron (2012) are included the number increases to 23 as a number of compounds initially thought to be unique are now shared with the three cultivars from Louw and Theron (Table 4) . The retention time (RT) order represents the chronological order in which the compounds were separated, starting with hexanal at ±5.3 min. and ending withγ-dodecalactone at ±30.25 min. * indicates compounds identified via the NIST library and ** indicates identification via NIST library and confirmation using commercial standards. H = 'Harvest', TR = 'Tree-ripened', S = 'Stored' functional groups. ND = not detected.Abb = abbreviation. Different letters (a, b and c) indicate significant differences between values within each functional group according to the Fischer LSD test (p = 0.05).
'Sapphire' Volatile Profile
In 'Sapphire' samples, we measured a total of 26 different compounds (Table 4 ) which were present in all the groups except for n-hexyl acetate that was not detected in the 'Harvest' samples (Table 3) . Of the 26 compounds, 18 showed no significant differences amongst any of the functional groups implying relative similar patterns in up to 70% of the volatile profile. Interestingly, 'Sapphire' contained six unique compounds including nonanal, α-pinene, 1,3,cyclo-hexadiene1,3,5,5,tetra-methyl, eugenolmethylether, 2-isopropylidene-5-methylhex-4-enal and cis-geranylacetone (Table 4) . These compounds account for 23% of the total number of 'Sapphire' compounds ranking second highest in a number of unique compounds, only surpassed by 'Flavor King' which is not a true plum, but a plum x apricot hybrid. Cold storage significantly affected only six of the volatile compounds in such a way that four of the six compounds (2-hexenal, 4-(2,6,6-trimethyl-cyclohexa-1,5,-diemethyl)but-3-en-2-one), γ-decalactone and 4-(2,4,4-trimetyl-cyclohexa-1,5-dienyl)but-3-en-2-one) had drastically increased their levels with the latter increasing by up to five fold when compared to fruit ripened on the tree (Table 3) . On the contrary, the levels of 2-isopropylidene-5-methylhex-4-enal and α-pinene (two unique compounds) failed to rise when ripened after cold storage as in the case of tree-ripened fruit, but remained at the same relatively low levels as seen in the www.ccsenet.org/jas Journal of Agricultural Science Vol. 4, No. 11; 2012 262 harvest fruit. The apparent similarities expressed by the significance testing mentioned above were not confirmed in the DA. In fact, the three functional groups appeared to be distinct with 100% correctly assigned samplesand clearly separated groups (Figure 1(a) ). The only similarity was seen in the variables chart where the compounds seem to be equally spread throughout the 4 quadrants, most with similar distances from the origin (Figure 1(b) ). The stepwise DA characterised the divergence by selecting eight compounds as contributing most to the pattern (Table 5 ). The top two compounds (2-hexenal and γ-decalactone) were also hugely affected by storage. When the DA was repeated using only the eight compounds identified by the stepwise method the divergence tended to lessen only slightly and the percentage correctly assigned compounds dropped to 94.44% with two 'Tree-ripened' samples incorrectly assigned to the 'Harvest' group. However, the functional groups remained different from each other implying that the eight compounds were indeed contributing to the variance.
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This plum detected w profile of t (Table 3) Vol. 4, No. 11; only measured for hexanal and 2-hexen-4-olide and, similarly to 'Flavor King', low levels were also detected in the 'Harvest' samples for the two γ-lactones and β-ionone. These five compounds, together with n-hexyl acetate, accounted for the high level compounds found in the 'Tree-ripened' fruit. Also similar to 'Flavor King', cold storage seemed to have a confounding effect on the volatile profile of the fruit with 56% of the compounds altered when compared to fruit left to ripen on the tree. The general pattern caused by long term cold storage seemed to be the decreasing of compound levels to amounts significantly different to both the 'Harvest' and 'Tree-ripened' groups. 2-Hexen-4-olide, β-ionone, γ-dodecalactone and n-hexylacetate also followed this trend but did not dip below the levels detected in the 'Harvest' fruit.Five compounds (p-menth-1-en-9-al, 2-hexenal benzaldehyde and the two linalool oxides) showed levels much higher after storage when compared to 'Tree-ripened' fruit. Interestingly, hexanal and γ-decalactone seemed to be unaffected by cold storage and have accumulated to a similar level as found in the 'Tree-ripened' fruit.
In some aspects, the DA results for 'Larry Anne' seemed to be similar to those of 'Flavor King'. There was a large divide amongst the three functional groups, the values of the x-axis were also much larger than those found in the other true plum cultivars (Figure 4(a) ) and the variables chart was scattered with compounds a similar distance from the origin (Figure 4(b) ). Nine compounds were identified by the stepwise DA (Table 5 ) with the top five compounds from the 'frequent' classification. No 'unique' compounds were on the list and only three 'generic' compounds were found at the bottom of the list. In the light of these results, it was expected that the confusion matrixes both showed 100% correctly assigned samples. When the nine compounds selected by the stepwise method were reanalysed in a DA the observations chart showed the functional groups now closer to one another and more similar to the patterns seen in the other cultivars, however, all the volatile profiles remained distinct with 100% correct reclassification.
Comparing the Functional Groups of the Cultivars
From the intra-cultivar results presented thus far it was evident that the functional groups within each cultivar had a different volatile profile. To compare the functional groups of the cultivars with one another the DA was repeated using the cultivars as the dependent variables.
From the observation plot for the 'Harvest' groups ( Figure 5(a) ) it was visually evident that 'Sapphire' 'Songold' were well separated from 'Flavor King' and 'Larry Anne'. This suggested that the volatile profiles of these two are perhaps more similar to each other at harvest than to 'Flavor King' and especially 'Larry Anne'. When compared to Figure 5 (b) the volatile profiles were illustrated relative to the four cultivars with 99.99% of the variance described by Factors 1 and 2. The stepwise analysis identified only 6 of the 62 compounds as significant contributors to the pattern with limonene oxide and cis-3-hexenyl acetate, two 'frequent' compounds, at the top of the list (Table 6 ). Only one of the eight 'generic' compounds (linalool) appeared on the list and could possibly indicate that the general plum aroma of the four cultivars were similar at harvest. It should also be kept in mind that 'Harvest' fruits were believed to be physiologically mature although not yet ripe, and therefore, it is expected that the volatile profiles might still be under-developed. When the six stepwise-selected compounds were retested in isolation, the scale of the observation chart changed significantly moving the cultivars much closer together. The separation pattern, however, remained the same with 'Larry Anne' being far to the left. The confusion matrix remained at 100% implying that these compounds were indeed responsible for the divergent volatile profiles.
Once the fruit had ripened on the tree the DA showed a divergence pattern similar to that of 'Harvest' with a large scale on both axis but now 'Flavor King' was well separated from the rest (Figure 6(a) ). This might be expected as 'Flavor King' is a plum x apricot hybrid and thus strongly influenced by an apricot volatile profile that separates it from the true plums when ripe. The variables chart (Figure 6(b) ) also illustrated the difference in the 'Flavor King' profile by lumping all of the compounds unique to 'Flavor King' in the bottom part of the first quadrant similar to where the 'Flavor King' samples were nested. The pattern in the 'Tree-ripened' volatile profiles seemed to be governed by more compounds as for the 'Harvest' group with 20 different compounds selected by the stepwise analysis (Table 6 ). Interestingly, the list was crowned by cis-p-menth-2,8-dienol and amylacetate that belonged to the 'unique' collection of compounds for 'Larry Anne' and 'Flavor King' respectively. Although none of the 'generic' compounds were selected, the list was heavily populated with 'unique' compounds that aid in segregating each cultivar from the rest. Repeat analysis using on the 20 compounds selected by the stepwise DA showed an unchanged distribution of the four cultivars and a 100% correctly assigned samples upon reclassification. (Song & Bangerth, 2003) . The results above showed that the ripening of plums and the effects of cold storage seemed to be cultivar specific with unique profiles for each of the functional groups indicating a shift in the volatile composition as the fruit ripened and/or were exposed to long term cold storage conditions.
When considering the different chemical groups measured within the seven cultivars, there were some prominent compounds and general trends worth discussing even if there is no existing literature, apart from Louw and Theron (2012), on plum, storage studies from which to draw direct comparisons.
The alcohol group was mostly characterised by 1-hexanol although only present in 'Songold' samples with a significant increase in ripe fruit and showing a steep increase in stored samples. Contrary to this, in 'Angeleno' and 'Laetitia' samples it was strongly associated with 'Tree-ripened' fruit with significantly higher levels that were not maintained nor increased during storage (Louw & Theron, 2012) . 1-Hexanol is commonly described as having a 'green' aroma and has been widely identified in ripe European and Japanese plums and plumcots (Ismail, Williams, & Tucknott, 1981a; Gόmez & Ledbetter, 1994; Gόmez & Ledbetter, 1997) . Interestingly it has been recorded to be present at a lower level in ripe plums with a strong plum-like odour and is said to have a negative, overpowering effect on compounds imparting plum-like odours (Ismail et al., 1981a) .
The aldehydes, hexanal and 2-hexenal, were prominent in all the cultivars measured in the present study and that of Louw and Theron (2012) and were usually present in relatively high values at harvest and throughout ripening. Ismail, Williams andTucknott (1981b) and Guichard, SchlickandIssanchou (1990) describes these compounds as having a strong 'green' aroma associated with immature fruit and diminishing in concentration as ripening proceeds rather than remaining relatively constant as found in this study (Gόmez & Ledbetter, 1997) . Some plum aroma studies also identified these compounds in relatively high amounts in ripe plums (Ismail et al., 1981a; Gόmez & Ledbetter, 1994; Ismail et al., 1981b) . Etievant, Guichard and Issanchou (1986) reported that the levels of both these aldehydes increased after deep-freezing and thawing of plum samples implying that their values can thus be inflated if samples have been subjected to such procedures prior to assessment. Raffo et al. (2008) also warned against massive formation of these C 6 -aldehydes originating from increased lipoxygenase activity associated with the crushing of fruit and suggested an enzyme deactivation step with saturated (NH 4 ) 2 SO 4 during sample homogenisation to prevent inflated aldehyde levels in the results. In spite of such efforts Raffo et al. (2008) still found that these compounds represented the main fraction of the whole volatile compounds isolated from peach samples. Similar to our storage results Raffo et al. (2008) reported that they did not observe univocal effects of cold storage on hexanal and 2-hexenal in two peach cultivars after two weeks at 1°C. In the light of the high presence and apparent importance of these compounds, it is not surprising that they were both often identified via the stepwise DA as important contributors to the separation patterns of intra-cultivar functional groups. Another aldehyde worth mentioning is p-menth-1-en-9-al, which was measured in relatively high amounts in all four plum cultivars in the present study similar to that reported by Louw and Theron (2012) , but which has not been reported in any plums or stone fruit related studies. It is, however, commonly found in citrus honey (Soria, Sanz, & Martìnez-Castro, 2009) . Cold storage caused p-menth-1-en-9-al levels to increase and decrease in some cultivars but four out of the seven showed no significant differences associated with low temperature exposure.
Esters (together with alcohols and aldehydes) are reported to form the most numerous chemical substances identified in plum extracts, contribute to the fruity aroma in plums and some can act as a molecular tracer of apricot aromatic quality (Gόmez & Ledbetter, 1994; Crouzet, Etievant, & Bayonove, 1990; Guillot et al., 2002) . In contrast to this we found esters (nine in total) to be limited to mainly the plumcot 'Flavour King' with only n-hexal acetate and benzyl acetate measured in two other true plum species. Gόmezand Ledbetter (1997) also reported the presence of numerous esters during the ripening of a plumcot accession, 'P251-002', with three being significant to the volatile profile, although they did not appear in either parent cultivars (Gόmez & Ledbetter, 1993) . In a recent study comparing the volatile profiles of six Japanese plums Lozano et al. (2009) reported n-hexyl acetate as one of the esters presents in the greatest proportions with similar levels detected in ripe 'Larry Anne' and 'Songold' and lower levels in 'Angeleno' ('Suplumsix'). We failed to detect n-hexyl acetate in any of our 'Songold' (present study) or 'Angeleno' samples, however, the levels found in 'Larry Anne', Sapphire' and 'Flavor King' had strong links to ripe plum samples and seemed to develop during the ripening process as the mature but unripe fruit in the 'Harvest' group had significantly lower levels (Louw & Theron, 2012) . Cold storage had an inhibiting effect on the accumulation of n-hexyl acetate and resulted in samples with levels lower than the 'Tree-'ripened' but higher than the 'Harvest' fruit. Butyl acetate, although only measured in 'Flavour King', reached a level almost three times that found in tree-ripened fruit and almost 19 times that found in harvest fruit. This significant increase suggested that low temperatures can favour the formation and accumulation of this specific ester. Butyl acetate was reported in other tree-ripened Japanese plum cultivars (Gόmez & Ledbetter, 1994) . However, Lozano et al. (2009) , similar to the present findings, also failed to quantify any levels for ripe 'Songold', 'Larry Anne' and 'Angeleno' ('Suplumsix') samples.
For the furan chemical group, we could not find univocal patterns amongst the compounds although 2-hexen-4-olide seemed to be associated mostly with harvest fruit as some cultivars had higher levels compared to ripe and stored samples. Even the 'generic' compounds trans-andcis-linalool oxides showed ambiguous trends during ripening and storage for the cultivars in the present study.
The hydrocarbon compounds appeared equally uneventful except for relatively high levels of hotrienol recorded in six of the seven cultivars when combining results from Louw and Theron (2012) . Only 'Flavour King' was sensitive to cold storage effects with hotrienol levels in the 'Stored' functional group remaining at a level equal to that of the 'Harvest' group and higher than that of the 'Tree-ripened' group indicating that prolonged exposure to low temperatures interrupts its metabolism. Hotrienol was not identified in any other plum or stone fruit cultivars but is commonly found in other fruit types such as nectarines (Engel et al., 1988) , grapes (Williams, Strauss, Wilson, & Massy-Westropp, 1982) , passion fruit (Engel & Tressl, 1983) and papaya (Schreier, Lehr, Heidlas, & Idstein, 1985) as well as in citrus honey (Soria et al., 2009 ).
The lactones detected in 'Larry Anne', Sapphire' and 'Flavour King' are important as they have been identified in previous plum studies and are suggested to be indicative of ripeness as they increase during the ripening process (Williams & Ismail, 1981; Gόmez & Ledbetter, 1994; Gόmez & Ledbetter, 1997) . Williams and Ismail (1981) also suggested that γ-decalactone is responsible for creating a plum-like odour. In the present study, the levels of the two lactones, γ-decalatone and γ-dodecalactone, both increased significantly as the fruit ripened on the tree but in the case of γ-dodecalactone in 'Stored' fruit significantly lower levels were measured. The effect of cold-storage on the γ-decalactone levels seemed to be cultivar specific with increasing, decreasing and stable levels detected in different cultivars. In a cold storage study done on peaches lactone levels increased after one week of storage at 1°C but drastically decreased after two weeks of storage under similar conditions, implying that the ability of the fruit to perform lactone accumulation and, consequently, to develop its aroma is reduced during prolonged cold storage (Raffo et al., 2008) .
Norisoprenoids are volatile C 9 -C 13 fragments from the degradation of C 40 -carotenoids, which have extremely low aroma thresholds (Mahatanatawee, Rouseff, Valim, & Naim, 2005) . Carotenoids are widely found in the plant kingdom and many fruit types have been documented to contain norisoprenoids, including stone fruit such as peaches (Raffo et al., 2008) , apricots (Crouzet et al, 1990; Guillot et al., 2002) and plums (Williams & Ismail, 1981; Gόmez & Ledbetter, 1994) . The most prominent norisoprenoid measured in the present study was β-damascenone with high levels in both the 'Harvest' and 'Tree-ripened' fruit.It has also been described as having a camphor-like fruity aroma associated with the flavour of cooked plums (Williams & Ismail, 1981) . β-Damascenone levels seemed to be unaffected by cold storage and maintained its relatively high levels except for 'Songold' and 'Larry Anne' that showed a significant drop after storage. The other two norisoprenoids, α and β ionones, showed similar trends with diminished levels after cold storage. Although Raffo et al. (2008) did not identify any of the three norisoprenoids mentioned above in their study on cold storage effects on peaches; they did find a decrease in the total amount of norisoprenoids in white-fleshed peaches after exposure to low temperature storage conditions.
In the terpenes group linalool and α-terpineol are the most prominent. Both have been shown to have higher levels in the "Mature green" stage compared to the "Commercial ripe" and "Tree ripe" stages as identified for apricots and plumcots by Gόmezand Ledbetter (1993) . In the present study, no univocal pattern could be established for the levels of either of the two terpenes suggesting a cultivar-specific reaction to ripening and cold storage. Linalool has a floral woody aroma and a sensory evaluation done by Williams and Ismail (1981) found it to be repeatedly associated with a plum-like odour region of the chromatogram.
Conclusion
In conclusion, it is difficult to establish a general pattern to describe the reaction of plum volatiles to prolonged cold storage as each cultivar has a unique and complex profile already established at the unripe harvest stage, that diverges even further during tree-ripening and storage. It is, however, clear that some cultivars such as 'Flavor King' and 'Larry Anne' are more sensitive to cold storage and develop volatile profiles that are even more different from their 'Tree-ripened' profiles when compared to the other cultivars. From the results, it was also evident that the current commercial storage regimes, although favourable for quality parameters such as firmness, colour and sugar levels, altered the aroma profile of plums in such a way that it was neither 'Harvest'-like nor 'Tree-ripened'-like and delivered an end product with a different volatile quality. To overcome this it is suggested that the present study is expanded to include revised storage regimes and/or postharvest manipulations aimed at www.ccsenet.org/jas Journal of Agricultural Science Vol. 4, No. 11; bridging the gap between the now diverged profiles of 'Stored' and 'Tree-ripened' plums. This should also be linked to consumer acceptance studies to determine the preferred volatile profiles and eating quality of export plums.
